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MCl2(PPh3)3(M=Os, Ru) 的 [4+1] 关 环 法 合 成 金 属 呋 喃 ；（ 4 ） 由
HC≡CCH(OH)CH=CH2 与 RuCl2(PPh3)3 的关环法合成钌呋喃。所有产物均经过系
统的表征，并对可能的反应机理进行了推测，各种方法经历的途径不同，进一步
充实了金属呋喃的合成方法。 
第 四 章 主 要 研 究 锇 呋 喃 与 炔 烃 的 复 分 解 反 应 。 利 用 锇 呋 喃
Os(CHC(PPh3)CO(OEt))Cl2(PPh3)2 (3-9)中的 Os−C 键具有卡宾性质的特征，将其


























































Transition-metal complexes play an important role in modern organic chemistry 
research, since they can exhibit special reactivies and efficient catalytic activities. 
Particularly, many synthetically important transition-metal-assisted reactions proceed 
via metallacyclic intermediates. The preparation and reaction chemistry of 
metallacyclic compounds have consequently attracted increasing interest in recent 
years. In this dissertation, the synthesis and characterization of several novel five- or 
six-membered metallacycles containing osmium, ruthenium and iridium have been 
described. The reactivities and formation mechanisms of some complexes have also 
been investigated. This dissertation consists of the following six chapters:  
In chapter 1, the synthetic methods of metallabenzenes are briefly reviewed and 
the research progress of osmabenzenes and related complexes are particularly 
described. The reported synthetic methods and reactivies of metallafurans and 
metallacyclohexadienes are also summarized, respectively, in this chapter. In addition, 
the research objectives of this dissertation are presented. 
In chapter 2, the synthesis of osmabenzenes from osmacycle containing an 
η2-coordinated olefin are described. As yet none have been shown to have general 
applicability for the synthesis of metallabenezenes, we have successfully implemented 
the conversions of various osmacycles containing an η2-coordinated olefin to 
osmabenzenes and have demonstrated for the first time that certain transition metal 
allene complex can isomerize to metallabenzenes. DFT calculations suggest the 
detailed mechanisms for the formation of osmabenzenes and come to conclusion that 
increasing the electrophilicity of the metal center as well as introduction of counterion 
acts as a base would favorable for the conversion process. The results will encourage 
us to develop a general method for formation of metallabenzenes from such type of 
metallacycles.  
In chapter 3, four methods for synthesis of metallafurans containing osmium, 















coordinated η2-α,β-unsaturated ketone osmacycles via intramolecular hydrogen 
transfer; (2) Iridafuran from reaction of an iridacycle with acid; (3) Metallafurans 
from [4+1] cyclization reaction of HC≡CCOOEt with MCl2(PPh3)3(M=Os, Ru); (4) 
Ruthenafuran from reaction of HC≡CCH(OH)CH=CH2 with RuCl2(PPh3)3. All the 
complexes have been fully characterized and the formation mechanisms have also 
been proposed. The above various routes enrich the synthetic chemistry of 
metallafurans.  
In chapter 4, the metathesis reactions of an osmafuran with alkynes have been 
investigated. As the OsC bond in osmafuran Os(CHC(PPh3)CO(OEt))Cl2(PPh3)2 
(3-9) shows obvious carbenic character, it will be interesting to study on the reactivity 
of this type of complex towards alkynes. The results show that the alkynes HC≡CPh 
and HC≡CCH(OH)Ph undergo facile double and single molecular addition into the 
metal-carbon double bond of osmafuran 3-9, respectively, yielding several 
nine-membered osmacycles. The mechanisms for the formation of these products are 
relevant to olefin metathesis reactions, which involve [2+2] cycloaddition reaction 
between the carbon-carbon triple bond and the metal-carbon double bond. These 
complexes might serve as the intermediates for alkyne polymerization which are 
stabilized by the coordination of internal olefin. The work is valuable for further 
understanding the olefin metathesis mechanism. Moreover, these reactions also 
provide an efficient method to realize ring expansion from five- to nine-membered by 
alkynes insertion.  
In chapter 5, the synthesis and reacitivies of an iridacyclohexadiene have been 
studied. Treatment of HC≡CCH(OH)CH=CH2 with [IrHCl(CO)(PPh3)3]BF4 afforded 
an iridacyclohexadiene [Ir(CH=C(PPh3)CH=CHCH2)Cl(CO)(PPh3)2]BF4 (5-1). The 
[5+1] cyclization reaction has provided a convenient route to construct 
metallacyclohexadienes. Reaction of 5-1 with AgBF4 in the presence of NaOH gave 
an η2-coordinated iridacycle, which would regenerate to 5-1 when equivalent HCl was 
added. 5-1 is also reactive towards bromine, which produces firstly 
iridacyclopentadiene 5-4 and then undergoes a rare intramolecular C(sp2)–C(sp3) 













厦门大学  理学博士学位论文 
V 
Multi-steps C–H activations utilizing cyclometalation and C–C reductive elimination 
are proposed as the key steps for the formation of complex 5-5 in the mechanism, 
which extend the chemistry of iridium catalyzed the C–C formation.  
In chapter 6, the innovation of the dissertation is concluded and the prospect of 
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